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ABSTRACT

An experimental investigation (Test IA148) was conducted in the

A_C/YKF Tunnel B from April 27, through May 3, 1977. The objective of

this test was to obtain interaction effects of RCS thruster Jet plumes on

SST aerodynsA_cs during staging to simulate a return-to-launch site (RTLS)

abort m_ssion comprised of three phases: (I) mated orbiter/external

tank pre-separation coast; (2) separation, and (3) post-separation

orbiter pull-up. The tests investigated interaction effects of the

orbiter reaction control system (RCS) thruster Jet plumes on the aero-

dynamics of the mated orbiter/external tank, and the orbiter alone.

Data were obtained at a Mach number of 5.89 and a Reynolds number

per foot of 0.9 x 106 with RCS Jet-off and with RCS Jet plumes simulating

free-fl/ght dynamic pressures of 5.0, 7.5, and i0.0 psf. High-pressure

nitrogen was used for plume simulation. Twenty-one difTerent RCS Jet

configurations were tested with the mated O/ET; 17 RCS Jet configurations

were tested with the orbiter alone, including rudder and aileron effects.

An angle-of-attack range of -I_.5 to +13 degrees was used with angles-of-

sideslip of 0 and -+h degrees for the mated 0/ET, and 0 and -+2 degrees for

the orbiter alone.
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PLOT

S_IBOL

AE

ARCS

br_f

CA

CAT R

cl

c_R

Cm

Cn
V

C_

CN

CPc 1

Cref

CTj

_EMONIC

C_

CBL

CIL_

C_

¢D_

N(_NCIAT_E

DEFINITION

_CS thruster exit area, 0.01270, in.2

reference area, ft. 2

Arnold Engineering Development Center

reference span, in.

axial force coefficient

total axial force coefficient

total axial force coefficient with RCS thrust
included

body axis rolling moment coefficient

body axis rolling moment coefficient with
I_CS thrust included

pitching moment coefficient

pitching moment with _ thrust included

body axis yawing moment coefficient

body axis yawing moment coefficient with
B_S thrust included

normal force coefficient

normal force coefficient with I_CS thrust
included

orbiter base pressure coefficient

orbiter balance cavity pressure coefficient

reference chord, inches

thrust coefficient for RCS firing in jth

direction



PLOT

S_OL MNEMONIC

CTA D CTAD

CTA S CTAS

CTA U CTAU

CTF D CTFD

CTF S CTFS

CTF U CTFU

Cy CY

CYR CYR

ET

K I

K2

Ki

Kmi

Ireference

M MACH

& _OT

NOMENCLATURE (Continued)

DEFINITION

aft down-firing RCS thrust coefficient

aft side-firing RCS thrust coefficient

aft upward-firing RCS thrust coefficient

forward down-firlng RCS thrust coefficient

forward side-firing RCS thrust coefficient

forward upward-firing RCS thrust coefficient

side force coefficient

side force coefficient with RCS thrust included

external tank

calibration factor between sting pressure

(PT4) and aft RCS plenum pressure (PRCI)

psi/psi

calibration factor between sting pressure

(PT4) and forward RCS plenum pressure (PRC2)

psi/psi

calibration factor for ith RCS nozzle, ibs/psi

mass-flow parameter for RCS thruster, i,

(Ibm/sec _/psia)

reference length, orbiter body length, in

freestream Mach No.

total calculated mass flow through the RCS

thrusters, ibm/sec



PLOT
SYMBOL

MRP

n

PA

PC 3

PC 4

Po

PRCI

PRC2

P_

AP

APBA L

q_

RCS

Re/ft

MNEMONIC

WM

PA

PBPFI, 2, 3

PC3

PC4

PO

PRCI

PRC2

PS5

PT4

PINF

DELP

DPBAL

QINF

RN/L

NOMENCLATURE (Continued)

DEFINITION

total mass flow through the venturi, Ibm/sec

moment reference point

number of RCS jets firing

venturi nozzle supply pressure, psia

orbiter base (I and 2) and orbiter cavity

(3) pressures ratioed to PINF

orbiter forward RCS plenum chamber pressure,

psla

orbiter aft RCS plenum chamber pressure,

psia

tunnel stagnation pressure, psia

aft RCS plenum chamber pressure, psia

forward RCS plenum chamber pressure, psia

W-I131-9 air supply line static pressure, psia

W-I131-9 air supply line total pressure, psia

gunnel freestream static pressure, psia

differential pressure across venturi nozzle,

psia

pressure differential across balance bellows,

psia

freestream dynamic pressure, psia

reaction control system

unit Reynolds number, per foot



S

T
oo

T1

T2

T
gas

Tj

To

Xo

XT

YMRP

Yo

YT

ZMRP

Zo

ZT

am

_a

_BF

MNEMONIC

SREF

T(1)

T(2)

T(3)

TO

XMRP

XO

XT

YMRP

YO

YT

ZMRP

ZO

ZT

ALPHA

BETA

AILRON

BDFLAP

NOMENCLATURE (Continued)

DEFINITION

orbiter and ET reference area, ft. 2

freestream static temperature, °R

venturi nozzle supply temperature, OF

temperature of water in steam heater used to

control gas temperature T(3), OF

temperature of the gas being exhausted through

the RCS nozzles, OF

RCS thrust firing in jth direction

tunnel stilling chamber temperature, OR

longitudinal station of MRP, in.

orbiter longitudinal station, in.

ET longitudinal station, in.

lateral station of MRP, in.

orbiter lateral station, in

ET lateral station, in

vertical station of MRP, in

orbiter vertical station, in.

ET vertical station, in.

model angle of attack, deg.

model angle of sideslip, deg.

aileron deflection angle, deg.

body flap deflection angle, deg.



NOMENCLATURE (Concluded)

PLOT
SYMBOL

_e

_eL

6eR

_R

6SB

Cm

MNEMONIC

ELEVON

ELVN-L

ELVN-R

RUDDER

SPDBRK

PHI

PHASE

SWEEP

DEFINITION

elevon deflection angle, deg.

left elevon deflection angle, deg.

right elevon deflection angle, deg.

rudder deflection angle, deg.

speed brake deflection angle, deg.

model roll angle, deg.

parameter indicating; I - separation,

2 - pull-up

parameter indicating direction of pitch polar;

1 - a increasing continuously; 2 - a decreasing

continuously; 3 - a increasing, pitch/pause mode.



II_TRO_CTION

Interactions of the RCSthruster Jets _ith aerodynamic characteristics

during the space shuttle RTLSabort maneuver were investigated using a

0.Ol25-scale model of the orbiter vehicle 102 and external tank in the

AEDC VKF tunnel B during April and May, 1977. Data were obtained at a

Y_ch number of 5.89 and Reynolds number/ft, of 0.9 x lO6 with RCS Jet-off

and with SCS Jet plumes simulating free-flight dynamic pressures of 5.0,

7.5 and lO.O psf. Test variables were aileron/elevon and rudder deflec-

tion angles, and SCS thruster configuration. Mated orbiter/external tank

and orbiter alone_aerodymamic forces and moments were measured. Model

base and cavity pressures were also measured. The test provided 272 data

runs and consumed _5.9 hours of occupancy time.

The data are presented herein in both plotted and tabular form.

The plotted data display only a small portion of test results while the

tabulated data are complete. As a guide to the tabulated data, the

following key will be helpful in locating specific data:

l?



INTRODUCTION(Concluded)

DATASETS

A4DO01+ 124

B4D001 _ 124

C4D081 + 124

D4D001 _ 124

F4D001 _ 124

G4D081 + 124

COEFFICIENTS IN DATASET

BETA, CN CLM, CA, CY, CYN, CBL,

PBPFI, PBPF2, PBPF3

BETA, CNR, CLMR, CAR, CYR, CYNR,

CBLR, PO, PINF, QINF

CN, CLM, CA, CY, CYN, CBL

(ORBITER ALONE; MRC @ 65%)

PT4, PS5, PC3, PC4, CTFD, CTFS,

CTFU, CTAD, CTAS, CTAU

PA, T(1), T(2), T(3), TO, DELP

DPBAL, WM, MDOT

BETA, CN-R, CLMR, CAR, CYR, CYNR,

CBLR, (ORBITER ALONE; MRC @ 65%)

VOLUME

2

PAGES

1-274

275-548

549-660

661-934

935-1208

1209-1320

11



R_N_LRKS

During the course of test preparation and running, various events

occurred having a possible effect on the test results. These are noted

below.

Io Pretest balance tare calibrations were performed on 58 different

RCS configurations (B7 of which were subsequently tested) with

the tunnel pressure reduced to approximately i psia. A number

of configurations were initially calibrated at atmospheric

pressure, but the results did not compare favorably with the

tunnel-evacuated data, and this type of calibration was aban-
doned.

An estimated transducer scale fact.r was used for setting the

mass flow system pressure and resulted in RCS pressure levels

about 1.5 percent below those desired. This was not discovered
until a considerable amount of data had been obtained. It was

then decided that the pressure levels should not be changed so

that the plume simulation would be consistent for the entire
test.

.
When i_ and 16-Jet RCS configurations were being tested, it was

not possible to obtain the maximum desired RCS Jet pressure due

to mass flow system limitations. For these cases, data were
obtained with the maxlmumavailable pressure.

_. During the last shift of the tes_the model yawangle was
measured and showed changes of 0.I and 0.2-degrees (yaw was set

to zero prior to the test), depending on the yaw prebend hard-
ware installed. It is uncertain when these changes occurred.

_e data will be corrected to indicate the actual sideslip

angle of the model, based on yaw angle measurements taken prior

to, during, and after the test, as well as on Jet-off pitch

sweeps obtained throughout the test.

5. Several times during the test large zero shifts occurred on the

VTB-7 balance. In most cases these shifts occurred prior to

injection of the model into the tunnel. Repeat runs indicated
that the majority of the shifted data is valid when reduced with
final zero rather than initial zero, and therefore all runs were

not repeated.



C OgFIOUPATI ONS IINESTIGATED

The model used for these tests was a O.Ol25-scale replica of the

Rockwell International Space Shuttle Vehicle Configuration 102 (preli-

minary) orbiter and external tank designated model 70-OT. The SSV

orbiter configuration is composed of a configuration control drawing

VUTO-OOOO2_ wing with modified CMS pods, VCTO-OOOOO2A elevons and control

drawing VC70-00OOO2, MDV-70 baseline IML body. A three-view drawing of

the orbiter configuration is shown in Figure 2a and b. Figure 2c shows

the mated orbiter and external tank.

The orbiter was constructed of steel to withstand the environment

of the AEDC/_F Tunnel B. The body flap and speed brake re=ained at 0

degrees deflection throughout the test; aileron/elevon and rudder deflec-

tions were tested. The two umbilical doors provided on this model were

tested at 0° (open) and 180 ° (closed) during the test. Figure 2d shows

the umbilieal door configuration.

Twenty-seven I_S thrumters were simulated on the model. The model

RCS system is composed of three (3) nozzle 'blocks" each with nine (9)

nozzles simulating RCS thrusters as shown on Figure 2e. By unplugging

its supply tube (Figure 2f), each thruster was operated either by itself

or in combination with other thrusters to make up the RCS configurations

defined in T_bles V and VI. The plenums for each block were connected to

the tunnel high-pressure nitrogen system via the model support sting.

Nitrogen entered the model through the VTB-7 flow-through balance (Figure

2g), making both nose and aft RCS thrusters metric. Calibrations to

13



CONFIGURATIONS INVESTIGATED (Continued)

_etermine the interactions on the balance due to pressure and flow were

performed by AEDC prior to the test.

The external tank model aft of Y? 362.5 (full scale) was built to

the outer mold lines depicted on drawing VC78-000002C. The isentropic

nese probe forward of XT 362.5 is based on NASA d_wing 826002030_9.

The external tank and its components, shown in Figure 2h, are of steel

construction.

Orbiter configurations were denoted as follows:

o5 = 36_ c16 E63 FI_ M19 _9_ _i V23 WL_9

o_ - 36_ Cl6 F_3 TI_ _l Wg_"_ "96 N_ P_I UI V23w_29

Where individual orbiter components were defined as (refer to

Figure 2a):

Component Definition

B6_ Body

C16 Canopy

E63 Elevons

FI4 Body Flap

MI9 Orbiter Maneuvering System

M21 Orbiter Maneuvering System

Model Drawin_s

SS-AO1357

SS-A01357

SS-AOI356

SS-A01357

SS-AOI357
SS-AOI358

SS-A01670

SS-AOI357
SS-AOI358

SS-AOI670

!4



CC_I"XGUPATIOI_ IJ_ESTIGATED (Continued)

Component

w9_

195

R21

De fini tion

Main Propulsion Nozzles

Forward Reaction Control System
(see below)

Left Aft Reaction Control System,
(see below)

Right Aft Reaction Control System

(see below)

Rudder

U I Umbilical Doors

V23 Vertical Tail

WI29 Wing

Model Drawings

SS-AOI357

SS-A01663

SS-A01670

SS-AO1670

vsnllSO(A C
Dra ng)

SS-AOI356

SS-AOI357

SS-A01356

A general _ement configuration drawing is shown in Figure 2a.

The following nomenclature was used for designation of nozzle block

Thruster

Numbers Thruster Position

113 Upper Side Firing,
Left Side

123 Lower Side Firing_
Left Side

116

(refer to Figure 2e):

Reference

Position Drawing

Orbiter VS70-_I09

Nose (Model Drawing

No. SS-A01663)

configurations

Config-
uration

Forward Down Firing,
Left Side

126 Aft Down Firing,
Left Side

136 Forward Down Firing,

Right Side

15



COXFIGURATIORS INVESTIGATED (Continued)

N97

Position

Orbiter

Nose

Reference Thruster

Dr_wizg Numbers
, , ,|

VSTO-_lO9 i_6
(Model Drawing
No. SS-A01663 )

n5

135

W70-oo8_70 2A5
(Model Drawing
No. SS-AOI670)

225

VL70-008_70
(Model Drawing

No. SS-A01670)

215

2_6

226

236

2_3

223

233

345

325

315

3_6

Thruster Position

Aft Down Firing,

Right Side

Up Firimg,
Left Side

Up.Firing,
Center

Up Firing,

Right Side

Up Firing,
Forward

Up Firing,
Center

Up Firing, Aft

Down Firing, Forward

Down Firimg, Center

Down Firing, Aft

Side Firimg, Forward

Side Firimg, Center

Side Firing, Aft

Up Firing, Forward

Up Firing, Center

Up Firing, Aft

Do-_. Firing, Forward

16



COXFIa_RA__ICRS INVESTIGATED (Continued)

config-
uration Position

mSht mS
Pod

Reference Thruster

Drawin_ Numbers

VL70-008470
(Model Drawing
No. SS-AOI670)

326

Thruster Position

Down Firing, Center

336

3_

32_

33_

Down Firing, Aft

Side Firing, Forward

Side Firing, Center

Side Firing, Aft

The RCS nozzles were calibrated in the intermittent blowdown-vacuum

test section 7' x 5' x 16' Test Chamber Rocket Nozzle Test Facility at

the Rockwell International Los Angeles Division prior to the test. The

calibration determined nozzle thrust and mass flow as functions of plenum

chamber pressure (Pc). Test chamber and nozzle plenum chamber pressures

were recorded by a dial gage. Nozzle thrust was measured by a Revere No.

24_267, 10-1b. capacity load cell. Mass flow was measured with the W-I157

sonic flowmeter. All 3 nozzle blocks were calibrated under vacuum con-

ditions to simulate RTLS abort separation conditions encountered in the

AEDC Tunnel B.

Prior to the test, thrust tare calibrations were performed for each

_CS Jet configuration to be tested. For these calibrations the balance

was installed in the orbiter body, with the wings removed, and the body

shielded from RCS plume impingement. Photos of this calibration con-

figuration are shown in Figure 3.

17



C0RFIGURATI0lCS IJTESTIGATED (Continued)

The following nomenclature was used to designate external tank

components:

ET = T33 AT125 AT126 AT127 FLI2 FL13 FR!3 PT29 PT30 PT33 PT35 PT36

_ere the model tank components were defined as follows (refer to Figure

2h ).

S_mbol

T33

ATI25

AT_o6

ATI2?

FR13

PT29

PT33

PT36

component Description Drawing

External Tank SS-A01353

Attach Structure (forward) SS-A0135_

Attach Structure (aft right)

Attach Structure (aft left)

Feedline (ID2) Upper Right

Feedline (ET to Orbiter)

Aft Attach Structure Fairing

Electrical Conduit, R.H. Forward Nose

Electrical Conduit, and LO2 Lines
(Upper Right)

LB2 Pressure Line (Upper Left)

Forward S_/ET Attach Fitting

Aft Lower SEB/ET Attach Fitting

Aft Upper SEB/ET Attach Fitting

Detailed model component dimensional data are given in Table Ill.

The model was mounted in the upright position in AEDC Tunnel B, as

IS



CORFIG_RATIOES INVESTIGATED (Concluded)

shown in Figures 2i and 2J. Forces and moments were measured using the

I_ VT_-7 balance. The balance was supported by the Rockwell W-If31 S/A

sting and the _.06-Z-12-016 variable prebend sting (installed in the yaw

plane) which was mounted on the tunnel primary sector. Angles of sideslip

of O, 2, and .+2 degrees were obtained by varying the prebend angle on

the _.06-Z-12-016 sting. Figure 3 shows photographs of the model

installed in the wind tunnel.

High pressure nitrogen was used for simulation of RC_ plumes. RCS

pressure levels were set using a sting pressure which had been calibrated

as a function of model R0S plenum chamber pressure. Table IV summarizes

the simulation parameters used in sizing the RCS nozzles and plumes

shapes.

The orbiter was instrumented to measure two (2) base and one (i)

cavity pressure.

!9



TEST FACILI_"T DESC_.TION

Arnold Engineering Development Center (AEDC) is an Air Force facility

located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is in the

yon Karma_ facility. Engineering and other technical operations in this

tunnel are conducted by contractor personnel of ARO, Inc.

Tunr_l B is a continuous, closed circuit, v_riable density wind

tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test

section. The tunnel can be operated at nominal Mach numbers of 6 or 8

with stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,

and at stagnation temperatures of up to 1350°R. The model may be injected

into the tunnel for a test run and then retracted for model cooling, or

model_cha_g_s, without interrupting the tunnel flow.

2O



TEST PROCEDURE

The test was conducted to obtain data for use in analysis of the

return to launch site (R_S) abort maneuver, including mated orbiter/

external tank pre-separation coast, separation, and post-separation

orbiter pull-up. Possible RCS thruster combinations to be used in each

phase were tested. For the separation phase, orbiter alone data (ET not

present) were obtained. Rudder effects were obtained during the

separation phase. Aileron/elevon effects were obtained during the pull-

up phase.

With angle of attack as the elementary variable, the continuous pitch

sweep mode was the primary method employed to obtain the data. Fixed

angles of sideslip were obtained by pinning the 4.06-Z-12-016 variable

prebend sting at the appropriate position (0, _+_ degrees for the mated

0/_; O, _2 degrees for the orbiter alone). Pitch-pause data were taken

at varying intervals throughout the test to substantiate the pitch sweep

data and determine the base and balance cavity pressure variation through-

out the angle of attack range.

Each RCS configuration was tested at three Jet pressure levels

simulating full-scale free-stream dynamic pressures of 5.0, 7.5, and

I0.0 psf. Jet-off data, and data with all Jets plugged with the model

pressurized were taken at varying intervals throughout the test to check

repeatability.
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DATA REDUCTION

Standard AEDC methods were used to compute tunnel parameters and

nozzle mass flow. Base and balance cavity pressures were ratioed to

tunnel total pressure. No base or cavity corrections were applied to

the balance data by the test facility.

Data from the balance was reduced to coefficient form in the body

axes affixed to the orbiter and orbiter/external tank. For the orbiter

alone, moment coefficients were calculated at two center of gravity

positions, using different reference length dimensions in each. Nominal

model attitude and position data were determined using standard AEDC

methods. Angular displacements of the models due to sting/balance

deflections under load were calculated and applied to correct nominal

model attitude values.

Orbiter balance data were corrected to remove interactions caused

by RCS supply air flowing through the VTB-7 balance during runs with RCS

nozzles firing. An additional set of orbiter data, with RCS thrust

removed, was also calculated and is presented. RCS thrust was calcu-

lated using tares obtained during static firings of the various RCS

nozzle configurations made with the RCS system installed on the orbiter

fuselage in AEDC Tunnel B when the tunnel was not blowing. Thrust coef-

ficients were also calculated in these runs. Thrust and mass flow were

calculated based on the Rocket Nozzle Test Facility nozzle calibrations

(discussed under Configurations Investigated). This involved the

following calculations:



DATA REDUCTION (Continued)

where

Tj = _ Ki PRCI " mPoo AE

all i

firimg

Tj
C,rj-- = q_ ARCS

aj = _ _i PRCI \/Tgas + b_O
all i

firing

, PRCI = KI x PTh

J = direction of Jet

FD = forward down

FS = forward side

_J = forward up

AD = aft down

AS = aft side

i = index denotimg Jets

which were firing

ll6, 126, 136, and/or I_6

113 and/or 123

115, 125, and/or 135

226, 236, 246, 326, 336,
and/or 346

223, 233, 243, 324, 334,

and/or 3h_

AT/ = aft up 215, 225, 2h5, 315, 325,
and/or 345

Figure 2e shows these Jet locations on the model.

The follo_rlng reference dimensions and constants were usedx

S_mbol

AE
--A

ARCS

Description

RCS thruster exit area, in. 2

RCS reference area, ft.2

Value

Full Scale

9&o8

1.O

Model Scale

o.o1 7o

0.000156
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_ATAREDD_TIeN (Continued)

S_mbo! D_scription

Ll, I_, L3 Moment reference lengths for
mated O/ET and orbiter alone

(XcG at 66%), in.

Pitching moment reference length

(orbiter alone, Xc_ at 65%),
orbiter reference-Wing chord, in.

L5, 16 Yawing and rolling moments

reference length (orbiter alone,

XCG at 65%), orbiter reference

wing span, in.

Model reference length, in.

S Reference area, orbiter wing
area, ft.2

XCG Distance from model nose to

moment reference point along

model axis, in.:

l) Orbiter, 65% C.G.

2) Orbiter, 66% C°G.

3) Mated O/ET

XMEPT

Orbiter (65% C.G.) moment

reference point longitudinal

station, in. X o

Orbiter (66% C.Q.) moment

reference point longitudinal

station, in. X o

Mated O/ET moment reference

point longitudinal station,

in. XT

Orbiter moment reference point

lateral station, in. Yo

Mated O/ET moment reference point

lateral station, in. YT

Value

Full Scale Model Scale

1290.3 16.129

_74.8 5.935

936.6 11.708

129o.3 16.129

2690.0 O._o3

8_1.? lO. 5213

856. h 10.6825

lAl2.1 17.6513

lO76.7 13.259

lO89.6 13.62o

1734.6 21.683

0 0

0 0
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I_A REI_C'TION (Concluded)

Description

Orbiter moment reference point

vertical station, in. Zo

Mated O/ETmoment reference point

vertical station, in. ZT

Value

Full Scale Model Scale

375 _.688

631_.3 7.929
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TEST : :r.A148(V_ZB-._X)A) ]

TEST CONDITIONS

MACHNUMBER

5_89
i

_NIT REYNOLDS _JM_

(million per foot)

0.9

R DYNAMIC PRESSURE

(pou_s/sq,f"c,.)

STAGNATIONTEMPERATURE

(degreesFahrenheit)

0.069 PSI _o

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

I'l"B-7

+ _0 lb.

-+30 lb.

-+320 in.-ib.

+ 25 in-lb.

ACCURACY:
COEFFICIENT
TOLERANCE:

COMMENTS:

77
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TABLE III. MOD_ DIMENSIONAL DATA

MODEL C(I/_ONERT:

GENERAL DESCRIPTION:

structure ).

MODEL SCALE: 0.0125

DRAWIIK) _: VC72-000002, VC78-000002C

DIMENS101TS M_4BER

_Location of end pins
centerline ) #1

Diameter, In.

ATTACH STRUCTDRE - AT125

Forward orbiter/ET attach structure (2 member

SCALE

#I

MODEL SCALE

x 388.15 _.852
O

Yo 0 0

Zo 283.107 3.539

xT ]-129.90 I_. _

YT _,.o0 O.550

ZT 562.395 7-030

xo 388.15 _.852

Yo 0 0

Zo 283.107 3.539

XT 1129.90 i_-. 12_,

YT - l_.O0 - 0.550

zT 562.395 7.030

6.0 0.075

6.o 0.075
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TABLEIll. MOEEL DIMENSIONAL DATA (Contlnued)

MOI_L COMPONENT: ATTACH STRUCTURE - AT12 6

•GENERAL DESCRIPTION: Right rear orbiter/ET attach structure (3 member

structure)

MODEL SCALE: 0.0125

DRAWING NUMBER: VU72-000002, VC78-000002C

DIM_q_IONS:

(Location of end pins

centerline)

VEm_CALSTRUT

FULL SC_ MODEL SC_/_E

_RUST ST_E

Xo 1317. O0 16. h63
Yo 96.50 1.206

Zo 267. 556 3-344

xT 2o58.00 25.725
YT 125.98 1.575
ZT 515.78 6.447

D_ CROSS

Xo 13i?.oo 16. _63

Yo 96.50 I.2o6
Zo 267.556 3.344

xT 1888.98 23.612
YT _25.98 1.575
ZT 515.78 6._h?

Diameter of members, In.
VEm_CAL

DIAGONAL

Xo 1317.o0 16._63

TO 88.0 i.ioo
Zo 260.056 3.251

2o58.oo 25.725

- 14.oo - o.175
T_ 569.10 7.114

11.50 O. l_

15.5O O.194

4.OO O.050
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TABLEIII.

MOI_ELCODO_NESFf:

• GENERAL DESCRIPTION:

structure ).

MO_EL DIMENSIONAL DATA (Continued)

ATTACH STRUCTURE - AT12 7

Left rear orbiter/ET attach structure (2 member

M_)DEL SCALE: 0.0]25

DRA%_G _nJMBER: VCT2-O00002, VC78-000002C

DIMENSIONS:

(Locatlon of end pins

eenterline )
VERTICAL ST_UT

_m_ST STm_

Diameter, In.

VErtICAL

_mmT

FULL SCALE MODEL SCALE

Xo 1317. O0 16. _63

zo - 96.50 - 1.2o6

Zo 267.556 3.3_

x_ zo58.o0 25.Ta5

rT - 125.98 - 1.575

zT 515.78 6._7

Xo 131%00 16._63

'_o - 96.50 - z.zo6

Zo 267.556 3.3 _A

XT 1888.98 23.612

• YT - 125.98 - 1.575

ZT 515.78 6. _k7

I!. 50 O.l;,h

15.50 O.194
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TABLE IIf. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONERT:

GENERAL DESCRIPTION:

so -

The body is to the Baseline Definition Space

Shuttle Vehicle Conf. 5, MCR 200, Rev. 7, dated i0/17/7_.

MODEL SCALE:

DRAWING NUMBER:

DIMENSIONS:

Ref.

_E70-0OOOO2, _FMI_-70 Baseline IML

FULL SCALE

Le.gth (Xo = 238-1528.3)

*Leith (IML X o = 239.5)

(1) Length (CMLX o = 235-1528.3)

(u,u,) Max W±dth (Xo .. 1515.8013), rn.

(IML) Max Width (Xo = 1516.8013), In.

(CML) Max Depth (Xo = Ih63.316)

(n_L)mLx Depth (Xo _ 1_3.316)

Fineness Ratio

Fineness I_tio

Area - Ft 2

Max. Cross-Sectional

(@ Xo = i_63.316)

MODEL SCALE

129o.3 16.129

1288.8 16.11o

1293.3 16.166

262.718_ 3.28A

260.718_ 3.3_

21_8.575 3.1o7

2_6.575 3.082

5.1365 5;1365

5.!525 5.1525

!

3_0.82 0.053
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TABLEIII. MOI_L DIMENSIONAL DATA (Continued)

MODEL COF2ONEI?r: CAI(_:_r - C16

•GENERAL DESCRIPTION: Orbiter 102 canopy per MCR 1750, Baseline

MODEL SCALE: 0.0125

DRA_NG NUMBER: VCTO-OOOOO2A, MD-VTO

DIMENSIONS:

Length (Xo = 433.0793 to Xo = 670),In.

Max wid_ (xo 595), _.

Max _pth (e x -- 99_), In.

Fineness Ratio

Area - Ft2

Max. Cross-Sectional @ Xo = 520

FULL SCTALE

236.9207

19_._394

58.8O07

45.6558

MODEL SCALE

Z.962

Z.43o

0.735

0.007
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TABLE Ill. MO_L DIMENSIONAL DATA (Continued)

MODEL COMPONENT: ELEVORH - E63

•GENERAL DESCRIPTION: Elevon for Configuration _, hingeline at

Xo = 1387, elevon split line, T° = 312.5, 6.0" gaps beveled ledges,

and centerbodies "G_L" used on W12 9. Ref. MCR 200, Rev. 7,dated 10-17-74.

MODEL SCALE: 0.0125

DRAWING NUMBER: VCTO-0OO002A

DIMENSIONS:

Area used for _e c_,putation

Area - Ft2

Span (equivalent), In.

Inb 'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio movable surface chord/
total surface chord

At inb 'd equiv, chord

At outb 'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

FULL SCALE MODEL SCALE

210.0 0.033

206.57 0.032

346._ _.331

116.50 1.h56

55.219 0.69O

0.2137 0.2137

0. 3999 O. 3999

0.00

- 10.056

0.00

Area Moment (Product of area & _), rt3 !5_O.?h

Mean Aerodynamic Chord, In. 89.50

!

0.00

- 10.056

0.00

o.oo_

1.119
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TABLE III. MOIEL DIMENSIONAL DATA (Continued)

MOIEL COMPONENT: BOI_ FLAP - FI4

GENERAL DESCRIPTION: The orbiter body flap,

used with B6_. Hingeline @ X = 1532.0, Y = -128.00.

Rev. 7, dated io/17/7&

MODEL SCALE: 0.0125

DRAWING NUMBER: _70-0OOO02, MD V-70

HIMENSIONS:

Area - Ft 2

Span (equivalent), In.

Inb'dequivalent chord, In.

Outb'd equivalent chord, In.

Area _nt (WAC x TOTAL ARm), mS

M_anAerodyna_c Chord, In.

for Conf. 5 "CML" is to be

Baseline MCR 200

FULL SCALE MODEL SCALE

135.75 0.021

238.00 3.017

81.o0 1.013

81.0 1.013

916.313 0.0018

81.o 1.0125

42



TABLEIZI.
° .

MODEL COMPONENT:

•GENERAL DESCRIPTION:

MODEL DIMENSIONAL DATA (Continued)

FEEDLINE - FL12

LO2 feedline on upper right-hand of tank.

MODEL SCALE: 0.0125

DRAWING _JMBER: VC78-000002C

DIMENSIONS:

Leading Edge at:
(Centerline)

Trailing edge at:

(Centerline)

FULL SCALE MODEL SCALE

XT i000.667 12.508

YT 70.00 0.875

ZT 54_.66 6.933

XT 2071.50 25.89_

YT 7o.o o.875

ZT 56_.33 7.05_

18.16 O.D. 0.227 (OD)Line diameter, In.(17.00 I.D.)

Centerline of line located radially at _ = 23°h '
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TABLEIII.

MODEL COMPONENT:

GENERAL DESCRIPTION:

MO_EL DIMENSIONALDATA (Continued)

m_DU_ - ;h3

I_2 feedline between ET and orbiter

MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-00OO02C

DIMENSIONS:

Leadimg edge at:

(Centerline)

Trailing edge at:

(Centerline)

I/me diameter, In.

FULL SCALE MODEL SCALE

XT 2071.50 25.89_

YT - 70.0 - 0.875

ZT 60k..056 /'.551

•XT 2080. lk 26.002

- 55.21

550.36

18.16 O.D.

zT

(17.ooI.D.)

Centerline of line located radially at _ = 23°30 '

- 0.690

6.880

0.227(oD)
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TABLE III. MOIEL DIMENSIONAL DATA (Continued)

MOIEL COMPONENT: A_T ATTACH ST_JUTdRE FAIRING - FRI3

GENEK%L DESCRIPTION: Aft orbiter/ET at_ch structure cross beam.

MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-000002C,

DIMENSIONS:

Leadimg edge Centerllne at:

Maximum Length, In.

Width at TT 0.0, In.

Thickness at Y 0.0, In.

82600209023

FULL SCALE

2035.31

0.0

587.95

179.7

15.38

I_. 50

MODEL SC_/2

0.0

7.349

2.e46

o. 192

O.181
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TABLE Ill. MOIEL DIMENSIONAL DATA (Continued)

MODEL CO_t_ONENT: G_S PODS (_._) - M!9

GENERAL DESCRIPTION: Orbital maneuvering system pod. Short pod for

orbiter 102/vehicle 5, MCR 1750 R1 baseline. Same lines as MI8 (Rev.

i1/11/75) but modified to match M21 GMS pod dimensions.

MODEL SCALE: 0.0125

DRA_KNG E_UMBER: YUTO-OOOOO'iA, VLTO-OOShlO, MD-VTO

DIMENSIONS: FUIL SCALE

Length, In., including I_CS package

(Xo 1311 to Xo 1569.64), In.

Length (Xo IBll to Xo

Max Width (Xp 3o_, xp

_,pth (Xp 3o_, xp

Fineness Ratio

Area - Ft2

Max. Cross-Sectional @ Xp = 30_

MODEL SCALE

258.6_ 3.233

:51Z), Zn. 200.0 2.50

1511), In. 135.546 1.69_

1511)_ In. 74.36 0.930

59.091 0.00096
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TABLE III. MOEEL DIMENSIONAL DATA (Continued)

M0 L  m NEn: POre -

GEBS_AL DESCRIPTION: Orbital msmeuvering system pod. Short pod for

orbiter 102/vehicle 5, MCR 1750 RI baseline. Same lines as MI8 (Rev.

11/11/75), but OML changed to accommodate plumbing for RCS air system.

MODEL SCALE: O.0125

DRAWING NUMBER: VCTO-OOOOO2A, VLTO-OO8_IO, MD-VTO

DIMENSIONS:

Lemgth, In., including SCS (Package

Xo 1311 to Xo 1569.64), In.

Length (Xo 1311 to Xo 1511), In.

Max Width (Xp = 304, Xp 1511), In.

Max Depth (Xp 304, Xp 1511), In.

Fineness Ratio

Area - Ft2

Max. Cross-Sectional @ Xp = 30_

FULL SCALE MODEL SCalE

258.64 3-233

200.0 2.5o

135.5_6 i.694

7_. 36 o.930

59- 091 O.00096
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TABLEIII.
. .

MODEL COMPONENT:

GENERAL DESCRIPTION:

MODEL DIMENS!ONALDATA (Continued)

MPS NOZZLES - N9_

The main propulsion nozzles are laval-bell shaped

and are located on the aft planes of the orbiter. These dimensions are

external and are not to be scaled for plume tests.

MODEL SCALE: 0.0125

DRA_TNG NUMBER: VC70-000002, TL70-O081_, RS009169, RSO09107, ISMI5000

DIMENSIONS: FUlL SCALE MODEL SCALE

MACE NO.

Length - In.
Gimbal Point to Exit Plane

Throat to Exit Plane

157.o 1.963

Diameter - In.

Exit

Throat

Inlet

Area - Ft 2

Exit

Throat

97.91_ 1.224

52.29o o.oo8

Gimbal Point (Station),

Upper Nozzle

Xo

Yo
Zo

In.

i_45.oo 18.o63
0 0

443.0 5.538

Lower Nozzles

Xo
Yo

Zo
Null Position - Deg.

Upper Nozzle
Pitch

Yaw

Lower Nozzle

Pitch

Yaw

Ih68.170 18.352

53.0 0.663

342.64O 4.283

16.o 16.o
0.0 0.0

i0.0 i0.0

3.5 3.5
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TABLE Ill. MOIEL DIMENSIOnaL DATA (Continued)

MODEL COMPONENT:

•GENERAL DESCRIPTION:

102.

NOZZLE - N95

Forward RCS thruster nozzles in nose of orbiter

MODEL SCALE: 0.0125

DRAWING NUMBER: VC70-000002, FL70-008725, VL70-008726

DIMENSIONS:

Nozzle Length, In.

(Centerline, base to (14Lpierce point: )

Forward-Firing thruster No. 122
112

113

FULL SCALE MODEL SCALE

Up-Firing thruster No.

2_.779 0.3098

25.022 o.313
25.022 o.313

Down-Firiag thruster No.

125 15.29o o.191

i15 15.595 o.195

135 15.595 o.195

Upper yaw thruster No.

116 25.574 0.3196

136 23.395 0.292

126 23.395 0.292

i_6 23.395 0.292

Lower yaw thruster No.

ll3 15.945 O. 199

134 15.945 O. 199

Diameter, In.
Exit

Throat

Inlet

Area, Ft 2
Exit

Throat

Area Batio

Nozzle Location (Centerllne Pierce
Point at G_L):

123 15.154 o.189
14_ 15.154 0.189

!

io.894 o. 136

2.o42 o.o3o

3.92 o.o49

o.6_73 0.0001o

0.0227 0.0000035

28.5 0.356

z_9



TABLE llI. MODEL DIME_SIONALDATA (Continued)

- N95

Page Two

DIM_I O_S •

Forward-Firing Thruster No.

Up-Firing Thruster No.

Down-FiringThruster No.

122

112

132

125

1].5

135

116

].36

126

i_6

FULL SCALE MODEL SCALE

Xo 3o5.2o1 3.815
Yo O.0 0.0

Zo 392.350 4.929

Xo 305. Z_3
Yo - lb. O0

Zo 392.950

3.818
- o.175

4.911

x o 305.443 3.8].8
Yo 14. O0 O. 175
Zo 392.950 4.gLt

To 0.0

Zo 4].4.45o

xo 35]..O62
Yo - 14.o91
zo 4].3. _65

4.388
0.0

5.15o6

_.388

- 0.176

5.168

Xo 351.o62 4.388

Yo 12.09]. o.176

Zo 413. k65 5.].68

Xo 333.900

Yo - 62.931

Zo 354.675

Xo 333.900

Yo + 62.931

Zo 354.675

xo 348.5o0

Yo - 67.18o

zo 356.915

2.174
- 0.787

2.433

4.17_
+ o.787

4.233

4.356

- 0.839
4._62

Xo 3_8.500 4.356

Yo 67.180 0.839
Z o 356.915 4.1.52
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TABLE llI. MODEL DIMENSIONAL DATA (Continued)

Page _hree

DI_n_SI OrS:

Upper Yaw Thruster, No.

Lower Yaw Thruster, No.

zz3

134

183

144

I_JLL SCALE

Xo 362.819

Yo - 69.539

Zo 373.634

MODEL SCALE

_.535

- 0.869

4.670

Xo 362.819 4.535
Yo 69.539 0.869
Zo 373.634 4.670

Xo 36_.814
TO - 7z.48_
Zo 359.500

4.560

- 1.o94

x o 364.81_ 4.560

Yo 7z._8_ 1.o94
Zo 359.500 4.494
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TABLE III. MO_EL DIMF_SIONALDATA (Continued)

MO_ _O_: mS N_U_ - 196 (_.H.)_"97 (R'H')

•GENERAL DESCRIPTION: Aft BCS thrusters, orbiter l02 (data listed are for

one of two sides).

MODEL SCALE: 0.0125

DP_/_'G _"JMBER: VCTO-0OOOO2A, MDC 73J3210OIA, BCD V70-30-915-09

DIMENSIONS: FULL SCALE MODEL SCALE

Length, In.
Overall

Mounting surface to exit plane

18.63 0.233
L_.88 0.160

Diameter, In.
Exit

Inlet

Exit Area, Ft2

IO.50 o.131
5.32 o.o67

0.6o13 0.00009

Yaw Thrusters - Exit Plane

Forward nozzle, Xo

2rod nozzle, Xo

3rd nozzle, Xo

Aft nozzle, Xo

Scarf angle

1516.00 18.950
z529.oo lg.ZlO
15_e.O0 19.270
1555.00 19._30

16o20, 16020,

Pitch UpThrmsters - Exit Plane

Forward nozzle, X o

Middle nozzle, Xo

Aft nozzle, Xo

Yo

Zo

]516.oo 18.95o
1529. oo 19. l].o
]5_2.oo 19.27o

132.00 1.650
a93.38 6.167
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TABLE III. MODEL DD_ENSIONAL DATA (Continued)

RCS NOZZLES, N96 and N97

P_e _o

DIMER3I ONS:

Pitch Down Thrusters - Mounting Surface

Forward nozzle

Xo
Yo

Zo

Middle nozzle

Xo
Yo

Zo

Aft nozzle

Xo

_o
Zo

Nozzle cant angle (Typ.)

Aft firing thrusters - Mounting Surface
Inboard nozzle

Xo

Yo

Zo

Outboard nozzle

Xo

Yo

Zo

Nozzle cant angle (Typ.)

FULL SCALE

1516.oo
110.055
_37._o3

1529.oo
lll.OO

_O.00

15_.oo
ii1.9h5

_. 597

12 Deg.

1557. _6
122.oo

_73.4&

15_._6
137.oo
_73._

i0 Deg.

MODEL SCALE

18.95o
1.376
5._58

19. ii0
1.387
5.5oo

19.270
1.399
5.532

12 Deg.

!9._7
l.550
5.918

19._67

1.713
5.918

i0 Deg.
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TABLEIII.
. .

MOVEL COMPONENT:

GENERAL DESCRIPTION:

tion of tank.

MO_EL DIMENSIONAL DATA (Continued)

TANK P_I_NCE - PT29

Electrical conduit on the right-hand forward sec-

.MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-000002C

DIMENSIONS:

Leading edge at:

Trailing edge at:

Conduit size, In.

FULL SCALE MODEL SCALE

XT 329. oo h.363

o.o"r, 

zT _9.5 5.13.9

xT 860.8 io.76o

I T c%.13 l.ZOZ

ZT 537.29 6.716

2x6 0.025 x

0.075

Centerline of conduit located radially at _ - (L.E.)
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TABLE III.

MODEL COMPONENT:

GENERAL DESCRIPTION:

MOIEL DIMENSIONAL DATA (Contlnued)

EXTERNAL TANK PROTUBERANCE - PT30

Electrical conduit on upper right-hand quadrant

of tank (aft of intertank external stringer section).

antigeyser line and LO2 pressure line.

FULL SCALE

Includes LO2

MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-0000_2C

DIMENSIONS:

Leading edge at:

Trailing edge at:

Conduit size, In.

MODEL SCALE

xT lLl_.o 13.925

"T lO0.29 1.25_

ZT 53_.28 6.679

XT 20_6.o 25.575

"T i00.29 i. 2 5_,

ZT 53h.28 6.679

2 x i0 0.025 x

o.125

Centerline of conduit located radially at _ = 35°h5 '
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TABLE III.

MOIEL COMPONENT:

GENERAL DESCRIPTION:

MOIEL DIMENS!ONALDATA (Continued)

EXTERNAL TANK PROTJBERANCE - PT33

TR2 pressure llne on external tank.

MODEL SCALE: 0.0125

DRAWING NIHBER: _8-O00(XY2C

DIMENSIONS:

Leading edge at:

Trailing edge at:

Line diameter, In.

FULL SCALE MODEL SCALE

xT io58.o 13.225

_T - 85.185 - 1.06_8

z_ 5_7.5_, 6.8_

xT 2083.88 26.o49

YT - 8o.92 - 1.o12

5_'r.5_ 6.8_

2.00 0.025

Centerline of line located radially at _ = 300
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TABLEIII. MOIEL DIMENSIONAL DATA (Continued)

MOIEL COMPONENT: _TERNAL TANK PROTUBERANCE - PT35

GENERAL DESCRIPTION: Forward ET/SRB attach fitting, tank side only,

data listed for one of two sides.

MODEL SCALE: 0.0125

DRAWING NUMBER: ¥C78-000002C, VC72-000012, VCy2-o0o002E

DIMENSIONS:

Centerline of attach pin XT

XB

Length, In.

Width, In.

Depth, In.

FULL SCALE MODEL SCALE

985.70 12.321

172.5 2.156

_o.o 5.oo

I+_.7 "5.53_

78.0 0.975

0.0 0.0

15.25 O.191

11.5 O.l_

12.0 O.150
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TABLEIII. MODEL DIMENSIOKAL DATA (Continued)

MODEL COMPONENT: EXTERNAL T_K PROT_BEPAWCE - PT36

GENERAL DESCRIPTION: Aft lower ET/SRB attach fitting, tank side only.

Data given for sone side only.

MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-000002C, VC72-O00002E, 82600209086

DIMENSIONS:

Centerline of attach bolt hole

Length, In.

Width, In.

Ms.ximum height, In. (from ET (_4L)

FULL SCALE MODEL SCALE

2058.0 25.725

161.75 2.O22

3&3.0 &.288

18.75 b.23_

6.50 0.082

10.35 0.129
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TABLE III. MO_EL DIMENSIONAL DATA (Continued)

M0_EL COMPONENT: EXTERNAL TANKPROTUBERANCE - PT37

GENERAL DESCRIPTION: Aft upper ET/S_ attach fitting for cross and

diagonal struts. Data listed for tank side; one side only.

MODEL SCALE: 0.0125

DRAWING NUMBER: VC78-000002C, ¥C72-000002E, 82600209081

DIMENSIONS:

Centerline of cross strut bolt hole

Centerline of diagonalstrut
bolt hole

Length, In.

Maximum width, In.

Maximum height, In. (from 0SL)

FULL SCALE

XT 2O58.OO

YT 161.75

zT _,57.oo

x_

z_

2058.00

163.91

4_9.82

26.00

7.00

i0.00

MODEL SCALE

25.725

2.022

5.713

25.725

2.0_9

5.623

0.325

0.087

o._75
!
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TABLEIII. MOIELDIMENSIONALDATA(Continued)

MODELCOMPONENT: _TANK - T33

GENERAL DESCRIPTION: External tank with spike nose.

calculated to the outer mold llne (GML)

Dimensions are

MODEL SCALE:

DRAWING NUMBER:

DIMENSIONS:

Length

Max. Dia. (CML), In.

Max Depth

Fineness _tio

0.025

VC78-OOOOO2B, Spike Nose Dwg. No.: 826002030_9

FULL SCALE MODEL SCALE

1852.486 23.156

333.oo _.163

5.563 5.563

Area - rt2

Max.. Cross-SectiomAl 6o_.8o7 o.o9_
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TABLE Ill. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: _4BILICAL DOORS - UI

•GENERAL DESCRIPTION: Orbiter/ET umbi_cal/attach doors. Rectangular

doors in lower surface of orbiter to accommodate L02 and IH2 feedlines.
Data are listed for one of two sides.

MODEL SCALE: 0.0125

DRAWING NUMBER: VCy2-ooooo2E, VCTO-OOOOO2A, VCy2-ooooIOA, VC70-355102

DIMENSIONS:

Lemgth, In. (Xo 1311 to X o 1361.5)

Width, In. (To 52.90 to X o 103.09)

Planform Area - Ft2

Forward Hinge and Linkage, XT

Aft Hinge and Linkage, XT

FUIL SCALE MODEL SCALE

50.50 0.631

50.19 0.627

17.6 0.0028

1315.75 16.4_7

1356.75 16.959
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MO_EL COMPONENT: 1FE_CAL - V23 (Outer Mold Lines)

GENERAL DESCRIPTION : The vertical tail is double-wedge shaped sad

_oumted dorsally on the aft fuslage. These data corr_espond to config-

uration lhOC.

MODEL SCALE: 0.0325

DRAWING NUMBER: VC70-000002, master dimensions

DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (Theo.), ft2
Planform 413.253 0.065

Span (Tneo.), in. 315.72 3.9_7

Aspect Ratio
1.675 1.675

Rate of Taper
o.so? 0.507

Taper Ratio
o._o_ o.4o_

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line

_5.000 _5.000
26.25 26.25

_Z.13 _l.13

Chords:

Root (Theo.) WP

_p (_eo.) wP
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

268.50 3.356

108. _7 1.356

199.81 z._98
ih63.50 18.29_

635.52 7.9_
o.o o.o

Airfoil Section

Leading Wedge Angle,

Trailing Wedge Angle,

Leading Edge Radius

deg.

deg.

i0.0 i0.0

i_.92 i_.92
2.00 0.O'250

Void Area 13.I? o.ooo2

Blanketed Area
0.0 0.0
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONENT: WI_ - WI2
GENERAL DESCRIPTION: The wing is _he primary lifting device and is

mounted ho_izontally and is symmetric about the plane Yo = O. A cuff

fairs the fuselage to the wing's leading edge at To 9_0 to Xo 1084.
MODEL SCALE: 0.0125 DRAWING NO. : VCT0-00002h
DIMENSIONS:

TOTAL DATA

Area (Theo.), ft2

Plan form

Span (Theo.), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line
Chords :

Root (Theo.) B.P.O.O.
Tip, (Theo.) B.P.
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
EXPOSED DATA

Area (Theo.), ft2

Span, (Theo.), in. BPI08

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 b/2

MAC
Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section (Rockwell Mod NASA) XXXX-64

Root b/2 =

Tip b/2 =

Data for (i) of (2) Sides

Leading Edge Cuff_

Planform Area, ftz

Leading Edge Intersects Fus M.L. @ Sta

Leading Edge Intersects Wing @ Sta

FULL SCALE MODEL SCALE

2690.00 0.420

936.68 11.709
2.265 2.265

1.773 1.773
0.2OO 0.2OO

3.5oo 3.50o
o.5oo o.500

25.o 25.0

lO.O56 lO.O56

35.209 35.209

689.223 8.616

137.8h9 i.723

272.812 5.935

I136.832 14.21o

29O. 857 3.636

182.132 2.277

175l.50 o.272
720.68 9.009
2.06o 2.o60
0.225 0.225

562.090 7.026
137.849 1.723
392.826 4.910

1186.50 14.831
293,683 3.671
251.769 3.127

o.114 0.112

0.120. 0.120

145.4 O.0927

bOO. 0 6.250

1022.0 12.8OO
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TABLE IV. SUMMARY OF SIMULATION PARAM_VfEES

A. Free St_e m Conditions Free Flight

Dynmic pre41sure, q , psf 7.5

Macb uumber, M 6.8

eReynolcbl number, R e O. 68xi06

Altitude, h, ft 215,000

B. RCS Jet Characteri$$ics Protot},pe

Chamber pressure, Pc' psia 152

Chalber telperm%ure, T c , OR 4873

Averse specific _svg 1.3

heat,

_bcpans io_ ratio _ 22

Nozzle lip angle, #p, dog. 12

gxi% area, Ae, in 2 72.62

Exit Math number, M. 4.0
J

Exit pressuxe, Pj, psia 0.547

Mass flow rate, mj,l_m/se c 3.01

Moment um, lajuj, lbs 839.71

Thrust, TH, Ibs 8_0

"E. --_ Jet to Free StreAm Parameters Full Scale

(Sre f - 1 ft2) ,Free Fli_h%

TH
Thrust ratio I/6

q are f

ajuj
kkalu_nt um ratio 110.7

• q are f

Mass flow i_ 41S. 123

ratio p V Sre f

P.
Pressure ratio ....2---- 355.2

P

Plum. shap, 8j, d_ 56.3

Wind Tunnel

93.6 " 74.95

5.89 $.88

Ix106 0.gxlO 6

Mode___!

771.0 + 614.4

52O 52O

1.4 1.4

12.5 12.5

12.01 12.01

0.01470 0.01470

4.174 + 4.174

4.039 + 3.219

0.02099 ÷ 0.01640

1.637 ÷ 1. 311

1; _ I .35e

S_mxlat/am

116 116

111.96 111.96

66. _ 62.6

156. 5 149.7

44.4 44.4

Reynolds number baaed on orbiter length L _ • ID7.3 _ft.
These values computed for a one-dimension_Operfect nozzle.
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TABLE _. (IJTERMOLDLIRE PIERCE POIRTS FOR AVAIIABLE T_USTERS

113
115
116
123
125
126

135
136
1_6

215
223

225
226
233
236
2_3
2_5
2_6

FULL SCALE in. MODEL SCALE in.

Xo To Zo Xo To Zo

362.819 -69.538 373.634 _.535 -0.869

350.5ke -14.091 413.2_ _.382 -0.176

335.982 -63. 481 356.600 _.200 -0.793

364.814 -71.48_ 359.506 4.560 -0.894

350.52_ 0.00 _14.231 _.382 0.0
349.971 -67.581 357.543 _.375 -0.8_5

350.5k2 14.091 _13.2k_ _.382 0.176

335.982 63.481 356.600 _.200 O.793

349.971 67.581 357.543 _.375 0.8_5

4.67o

5.167
4.458
4._94
5.178

4.469
5.166

4.458
4.469

15k2.00 -132.00 498.56 19.275 -1.650 6.232
1529.04 -149.55 459.og 19.113 -1.869 5.738
1529.o4 -13Z.o0 498.56 19.113 -1.65o 6.232
1531.52 -115.28 he8.16 19.1k4 -1. _1 5.352
15_2.oo -149.55 _59.o4 19.275 -1.869 5.738
154_.56 -11k._o 43o.72 19.307 -1._3o 5.384
1516.oo -1_9.55 _59.o4 18.95o -1.869 5.738
1516.oo -132.oo _98.56 18.95o -1.65o 6.232
1518.56 -115.92 _5.52 18.982 -1. h_9 5.319

315 15_.?. oo 132.00 498.56 19.27'5 1.650
32k 1529.04 149.55 459.04 19.113 1.869
325 1529.O_ 132.OO 498.56 19.113 1.650
326 1531.52 115.28 _78.16 19.144 1. _kZ
33_ 15_.o0 I_9.55 _.59.04 19.275 1.869
336 15_.56 Ii_._O 430.72 19.307 1.430
3_ 1516.oo 149.55 _59.o_ 18.95o 1.869
345 1516.oo 132.oo _98.56 18.95o 1.65o
3_6 1518.56 115.9'2 _5.52 ].8.982 ,,. 4_9

6.232

5.738

6.232

5.352

5.738

5.38_

5.738

6.232

5.319
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'2_5

• _ 225
• 215

_6 226

e. I_S Thruster Configuration

Figure 2. Continued.
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Flg',n-e 2. Continued.
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Figure 2. Continued.
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APPENDIX

TABULATED SOURCE DATA

Coefficient Schedules

Data Set

A4DXXX

Ist IDV

PRCI

2nd IDV

ALPHA

B4DXXX PRCI ALPHA

C4DXXX PRC] ALPHA

D4DXXX PRCl ALPHA

F4DXXX PRCl ALPHA

G4DXXX

1 I 2 3

BETA CN CLM

BETA CNR CLMR

CN CLM CA

PT4 PS5 PC3

PA T(1) T(2)

PRC] I ALPHA

4
i

CY

i CYR

CY

PC4

T(3)

BETA CNR CLMRI CYR

I

Coefficients

5 6

I
CYN CBL

CYNR CBLR

CYN CBL

CTFD CTFS

TO DELP

CYNR CBLR

7 8

CA PBPFI

CAR PO
a

CTFU CTAD

IDPBAL WM

CAR i
!

9

PBPF2

PINF

I

CTAS

MDOT

10

PBPF3

QINF

CTAU

Volume

1

1

1

2

2

2

Tabulations of plotted data are available on request from

Data Management Services.
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